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© Process for preparing electrically conductive polymers and polymer compositions. 

© Electrically conductive polymer compositions are prepared by oxidative polymerization of one or more 
aromatic compounds in the presence of a polymer b). Polymer b) has ammonium, phosphonium or sulforiium 
groups in the polymer chain(s) and comprises a -polydentate -anionic complex - which - has a redox .potential 
sufficient for enabling oxidative polymerization of the aromatic compounds. Polymer b) is In the form of fine 
particles having an average size of 5 nm to 1 mm. Polymer b) may be prepared in situ . 

A polymer composition is obtained which contains the electrically conductive aromatic polymer and the 
reduced form of polymer b). 

The electrically conductive polymer composition has a particle size of 5 nm to 1 mm. 

Said polymer b) which has a non-metallic anionic complex such as S 2 08 2 ~ is novel. 
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PROCESS FOR PREPARING ELECTRICALLY CONDUCTIVE POLYMERS AND POLYMER COMPOSITIONS 

Electrically conductive polymers are the focus of considerable interest as they are possible replace- 
ments for metallic conductors or semi-conductors in a wide variety of applications such as in batteries, in 
photovoltaics, and in electrostatic dissipation and electromagnetic shielding uses. 

Known methods of preparing electrically conductive polymers include an oxidative polymerization of 
5 aromatic compounds such as pyrrole or aniline. 

The oxidative polymerization can be carried out electrochemically or by means of a chemical oxidizing 
agent. The electrically conductive polymers are prepared in the form of powders, coatings or free-standing 
films. 

It is also known to carry , out the oxidative polymerization in the presence of a carrier whereby an 

70 electrically conductive polymer composition of the aromatic polymer and the carrier material is produced. 
The known methods are discussed below in more detail. 

It is well known that polypyrrole can be synthesized through electrochemical oxidative polymerization of 
pyrrole (A.F. Diarz et al. t J.C.S.. Chem. Comm., 1979, pages 635 and 636). Unfortunately, the mechanical 
properties of the produced polypyrrole coatings. or films are often unsatisfactory unless special care is taken 

T5 to chose the proper type of solvents . or conducting salts such as aromatic sulfonic, disulfonic or 
oligosulfonic acids disclosed in DE-A-34 21 296 and DE-A-33 18 857. 

It is also known that pyrrole can be polymerized chemically, for example with potassium peroxydisul- 
fate. potassium permanganate, sodium perborate, iron (III) chloride or potassium bichromate in the absence 
or presence of a conducting salt, (K.C. Khuibe and R.S. Mann, Journal of Polymer Science, Vol. 20, pages 

20 1089 et seq. f 1982, S.P. Armes. Synth. Met, 20 (1987), pages 365-371, and DE-A-3325B92). It is also 
known -to produce electrically conductive polyaniline powder through oxidative polymerization using chemi- 
cal oxidizing agents such as persulfate anions (J.C. Chiang et aJ. f Synth. Met. 13 (1986), pages 193 etseq. 
and S.P. Armes et ah, Synth. Met. 22 (1988), pages 385-393). 

From DE-A-3307954 it is known that electrically conductive pyrrole polymers having small particle sizes 

25 can be obtained by electrochemical polymerization of pyrrole in the presence of carriers of small size. The 
carriers contain acidic groups; exemplary of the carriers are sulfonated polystyrene and aluminum oxides. 

GB-A-2 134 125 relates to the electropolymerization of pyrrole. A redox species such as potassium 
ferricyanide can be additionally used. 

Jn^yarious scientific . jurttcies.. it has. been ..suggested to_ prepare electrically conductive polypyrrole 

30 particles by polymerizing pyrrole in an aqueous solution using FeCb as an oxidizing agent in the presence 
of dissolved methylcellulose, polyvinyl pyrrolidone) polyethylene oxide) or poly(vinyi-atcohol-co-acetate) 
which acts as a steric-stabilizer (S.P. Armes et a!., J. Chem. Soc, Chem. Commun., 1987, pages 228-290 
and R.B. Bjorklund et at., J. Chem. Soc, Chem. Commun., 1986, pages 1293-1295). S.P. Armes et al., 
Synthetic Metals, 28 (1989) C837 - C848 suggest preparing polypyrrole latices by polymerizing pyrrole in 

35 an acidic (pH<2) aqueous solution of poly(2- or 4-vinyi pyridine) or poly(4- vinyl pyridine-co-butyl acrylate) 
in the presence of a FeCl 3 oxidant. S. P. Armes et al. teach that the polyvinyl pyridine) acts as a steric 
stabilizer and that the polypyrrole latex particles consist of an inner conducting core, of poyipyrrole and an 
insulating outer layer of polyvinyl pyridine). The polypyrrole latex particles contain between 3.7 and 5.5 
weight percent iron and have a conductivity between 0.4 and 2.1 Scrn" 1 which corresponds to about the 

40 conductivity of uncoated polypyrrole. It is suggested that the good solid-state electrical conductivity of the 
coated particles despite the presence of the insulating poly(vinyl-pyridine) is probably due to the fact the 
poly(vinyl-pyridine) can form semiconducting complexes with the iron which is present in the pyrrol latex 
particles. 

In the experiments made by S. P. Armes et al., sub-micronic polypyrrole latex particles having an 
45 average particle diameter between 85 and 120 nm were obtained, with some poly (vinyl pyridine) type 
polymers but in some cases flocculaiion occurred. It is taught that in any event the pH of the aqueous 
reaction medium for the pyrrole polymerization must be very low since at a pH of 3.6 or more floccuiation 
of the polypyrrole particles occur. S. P. Armes et al. have attempted to solution-cast films from the sub- 
micronic polypyrrole latices. They report disappointing results. Only brittle, poor quality films of very low 
so conductivity were obtained. 

Although the described methods may be useful for producing fine electrically conductive polypyrrole 
particles, these methods are not very useful for preparing electrically conductive polyaniline particles. When 
using FeCta as an oxidant, the oxidative polymerization of aniline takes unduely long and unduely large 
amounts of FeGb have to be used. Furthermore, the production of electrically conductive, polyaniline or 
polypyrrole particles that do not contain iron would be desirable. 
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DE-A-34 09 462 discloses electrically conductive thermoplastic mixtures of macromolecular compounds 
and polypyrrole having a small particle size. The macromoiecuiar compounds are polyolefms, styrenic 
polymers, vinyl chloride polymers, polyamides, polyesters, poiyacetaies or polyethers. The thermoplastic 
mixtures are produced by treating a solution of the macromolecular compounds and pyrrole with an 

5 oxidizing agent, such as a peroxo acid or a salt thereof. 

EP-A-0 229 992 relates to the oxidative polymerization of pyrrole, thiophene, aniline salts etc. with a 
chemical oxidizing agent such as a perborate, persulfate or percarbonate in the presence of a polymer 
having anionic surface character. This polymer is dispersed in the reaction medium, for example water, and 
acts as a polymeric counter-ion for the polymer produced by oxidative polymerization. The polymer having 

io anionic surface character contains strong ionic groups, such as sulfate or sulfonate groups, in the polymer 
chain. EP-A-0 229 993 relates to the electropolymerization of pyrrole in the presence of a polymer having 
anionic surface character. This polymer is dispersed in the reaction medium, for example water, and acts as 
a polymeric counter-ion for the polymer produced by electrochemical oxidation. The same polymers having 
anionic surface character are mentioned as in EP-A-0 229 992. 

rs JA Walker et ai., Journal of Polymer Science: Part A: Polymer Chemistry, Vol. 26, pages 1285-1294 
(1988) discloses oxidative polymerization of pyrrole using iron (III) salts. The counter-ions of the iron (HI) 
salt, such as tosyiate, dodecylbenzene-sulfonate or 2,6-naphthalenedisuifonate ions are incorporated in the 
pyrrole polymer. 

EP-A-0 104 726 discloses a polymer composition comprising an electrically conductive polymer 
20 associated with a polymeric dopant which stabilizes the polymer in an electrically conductive state. 
Negatively charged dopants (counter-ions) are used for polypyrrole. These dopants have negatively 
charged groups in the polymer chain(s). Exemplary thereof are ionizable poiysulfonates or polycarboxyiates. 
The electrically conductive polymer is produced by polymerizing a corresponding monomer in the presence 
of the polymeric dopant and an oxidizing agent. The oxidizing agent may be bonded to the polymeric 
25 dopant. Suggested is forming the ferric salt of a sulfonated polystyrene. 

Others have suggested preparing composite films of polypyrrole and PVC, polyimides, polystyrenes 
and polymethacrylates (0. Niwa et al., J. Chem. Soc Chem. Commun., 1984 pages 817 and 818; M.-A. De 
Paoli et al., J. Chem. Soc, Chem. Commun., 1984 pages 1015 and 1016 and EP-A-191726). In Chemical 
Abstracts 106 (2):6150C providing an abstract of JP6T/1 23638 it is suggested to soak a PVC film containing 
30 aniline with an ammonium persulfate solution. However, these methods are quite complicated and time 
consuming. 

s DE-A-3419788 discloses electrically conductive copolymers and blends of polymers which are com- 
posed of a polymer component A without a conjugated pi-system and a polymer component B with a 
conjugated pi-system such as ^ The "disclosed examples of 

35 component A are polyvinylchloride (PVC), polybutadiene, polyacrylate, polymethacrylate, copolymers of 
maleic acid anhydride and styrene, copolymers of butadiene and styrene, chloromethylated polystyrene or 
polymers which are functionalized with a -NH 2 or -OH group such as poiy-(p-aminostyrene) or poly- 
vinyiamine which contain redox-active groups which have in the oxidized or reduced state an active 
potential which is sufficient for oxidation or reduction of component B. As redox-active groups are disclosed 

40 complexes or chelates of transition metals, benzoquinone or ferrocene. Unfortunately, the polymer compo- 
nent A has to be runctionaiized in several steps in order to incorporate the redox-active groups. 

U.S. Patent 4,604,427 discloses a method of impregnating a non-porous, sweilable or soluble 
polyamide, polyvinyl chloride, polycarbonate, polyvinyl acetate or polyurethane with pyrrole or aniline and 
with a chemical oxidant such as ammonium persulfate or iron trichloride. Powders or films are obtained. 

45 U.S. Patent 4,617,353 discloses a process wherein a solution of an electrically non-conducting polymer 
such as PVC, butadiene copolymer or an olefin-homo- and copolymer is formed in a nonhydrous liquid 
reaction medium and a pyrrole monomer is contacted in situ with a polymerization initiator selected from 
the group consisting of anhydrous halides of iron, cobalt or nickel. 

R. Yosomiya, Makromol. Chem., Rapid Commun. 7, pages 697 to 701 (1986) discloses that polyvinyl 

so alcohol), poly(methyl methacrylate) and polyvinyl chloride) are dissolved in an appropriate solvent together 
with CuCI 2 or FeCl 3) the solution is cast on a glass plate and dried to form a film which is then reacted with 
pyrrole. 

P. Aldebert et a!., J. Chem. Soc, Chem Commun., 1986, pages 1636 to 1638 disclose polymer alloys 
with mixed electronic and ionic conductivity which have been synthesized from perfluorosulfonated ionomer 
55 membranes and monomer precursors of electronically conducting polypyrrole or polyaniline. A commer- 
cially available solid acidic Nation (Trademark) film is soaked in an aqueous solution containing 2M Fe- 
(ClOi)s and 0.5 M HCICk. The proton sites of the Nation film are exchanged by iron(lll) ions. The Nation 
film is produced from an ionomeric polymer containing S0 3 group. Polymerization of aniline inside the ionic 
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membrane is obtained by soaking the Fe 3 *exchanged Nafion in a 1M aqueous solution of aniline acidified 
with H2SO4 or HCIO*. 

Due to the interesting properties and the variety of applications of the electrically conductive pyrrole or 
aniline polymer compositions it remains desirable to provide new electrically conductive polymer composi- 
tions and processes for preparing them. In particular, it remains desirable to provide electrically conductive 
polymer compositions of small particle size which can be used as powders but which can also be used for 
preparing films or coatings in a convenient way. 

Accordingly, one aspect of the present invention is a process for preparing an electrically conductive 
polymer composition containing an electrically conductive polymer a) of one or more aromatic compounds 
and a polymer d) having ammonium, phosphonium or sulfonium groups in the polymer chain(s), the 
polymer composition having an average particle size of 5 nm to 1 mm, by oxidative polymerization of one 
or more aromatic compounds in an aqueous or organic reaction diluent in the presence of a polymer b) 
having ammonium, phosphonium or sulfonium groups in the polymer chain(s) and containing a polydentate, 
anionic complex which has a redox potential sufficient for enabling oxidative polymerization of the aromatic 
rs compound(s) and polymer b) having an average particle size of 5 nm to 1 mm which particles are dispersed 
in the reaction diluent at an amount of 0.01 to 40 percent, based on the weight of the reaction diluent. 

A preferred aspect of the mentioned process of the present invention is a process for preparing an 
electrically conductive polymer composition comprising a core of an electrically conductive polymer a) of 
one or more aromatic compounds and a coating of a polymer d) having ammonium, phosphonium or 
20 sulfonium groups in the polymer chain(s), the weight of the coating being up to percent, based on the total 
weight of a) and d) and the polymer composition having an average particle size of 5 nm to 1 mm, by 
oxidative polymerization of one or more aromatic compounds which process comprises continuous or 
batch-wise addition of a water-soluble oxidizing agent containing a polydentate anionic complex having a 
redox potential sufficient for enabling oxidative polymerization of the. aromatic compound(s) to an aqueous 
25 reaction mixture containing I) the aromatic compound^), ii) a polymer c) having ammonium, phosphonium 
or sulfonium groups in the polymer chain(s) and containing anions which are spontaneously exchangeable 
with the polydentate anionic complex of the water-soluble oxidizing agent iii) an aqueous reaction diluent, 
the amount of polymer c) being 0.01 to 40 percent, based on the weight of the aqueous reaction diluent 
According to this preferred embodiment of the process of the present invention, polymer b) is produced 
30 in situ in the aqueous reaction mixture. 

The commonly known oxidative polymerization reactions relate to the reaction of pyrrole or aniline with 

a dissolved oxidizing agent such as FeCl 3 , however according to the process of the present invention the 
oxidizing agent isused in its solid state. ~ ~ "": ""*' ™ " ~~ " " " " 

A further aspect of the present invention is an electrically conductive polymer composition comprising 
35 an electrically conductive homo- or copolymer a) of substituted or unsubstituted aniline and a polymer d) 
having ammonium, phosphonium or sulfonium groups in the polymer chain(s), the polymer composition 
having an average particle size of 5 nm to 1 mm. 

Yet another aspect of the present invention. is an electrically conductive polymer composition compris- 
ing 

an electrically conductive polymer a) of one or more oxidativeiy poiymerizable aromatic compounds and a 



40 



homo-or copolymer d) of one or more monomers of Formula I 



45 



SO 




(I) 

GH 2 - C = CH 2 



55 



wherein A and B are the same or different and represent a lower alkyl or phenyl radical, either unsubstituted 
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or having one or more substitutes which are not poiymerizable in the presence of free radical initiator; 

or A and B together represent -CH 2 -CH 2 -, -CH(CH 3 hCH(CH 3 h -CH = CH-CH = CH-, -CH = CH-CH = or 

-CH«CH-N = CH-;and 

R and R are the same or different and represent an atom or group which is non-polymerizing, and the 
s polymer contains anionic counter-ions. The polymer composition has an average particle size of 5 nm to 1 
mm. 

Yet another aspect of the present invention is a polymer having ammonium, phosphonium or sulfonium 
groups in the polymer chain(s) which polymer is cross-linked via polydentate, anionic non-metallic 
complexes which have a redox potential sufficient for enabling oxidative polymerization of a substituted 

to pyrrole, unsubstituted pyrrole, a substituted thiophene, unsubstituted thiophene, a substituted aniline or 
unsubstituted aniline and which polymer has an average particle size of 5 nm to 1 mm. 

A further aspect of the present invention is the use of said novel electrically conductive polymer 
compositions or of the electrically conductive polymer for compositions prepared according to said novel 
process for preparing films or coatings or as a filler for polymers. 

re In the copending European Patent application 88308120,0 films or coatings are disclosed which are 
made of a polymer b) having ammonium, phosphonium or sulfonium groups in the polymer chain(s) and 
being cross-linked with polydentate anionic non-metallic complexes such as S 2 0a 2 ~ or BiO? 2 ~ as well as 
various methods for preparing such films or coatings. It is mentioned that granules of polymer b) can be 
produced which can be ground to a powder, without disclosing particle sizes or other characteristics of the 

20 granules or powders. 

Furthermore, films or coatings are described which are made of an electrically conductive polymer 
composition consisting of a polymer a) comprising one or more aromatic compounds In polymerized form 
and a polymer having ammonium, phosphonium or sulfonium groups in the polymer chain(s). Several 
methods of producing such films or coatings consisting of said electrically conductive polymer composition 
26 are disclosed. It is mentioned that electrically conductive polymer compositions in the form of granules or 
powders may be obtained when contacting liquid or dissolved pyrrole with above-mentioned polymer b) in 
granular or powder form. Again, European patent application 8830812.0 does not comprise any detail 
relating to size or other characteristics of such electrically conductive polymer compositions in granular or 
powder form. 

30 In the processes of the present invention for preparing an electrically conductive polymer composition 
comprising an electrically conductive polymer a) of one or more aromatic compounds and a polymer d) 
having ammonium, phosphonium or sulfonium groups in the polymer chain(s), one uses a poiymer b) 
..containing, a. .polydentate, anionic .pQmplex.«Aij±.ha8..a redox potential sufficient for enabiing oxidative 
polymerization of aromatic compounds, such as a substituted or unsubstituted pyrrole, a substituted or 

35 unsubstituted thiophene or a substituted or unsubstituted aniline. Poiymer b) is used as a solid oxidizing 
agent. Polymer b) has ammonium, phosphonium or sulfonium groups in the polymer chain(s). Polymer b) is 
used in the form of fine particles having an average size of 5 nm to 1 mm, generally of 10 nm to 0.1 mm, 
preferably of 100 nm to 0.1. mm and more preferably of 500 nm to 0.01 mm. Depending on the used 
reaction diluent, poiymer b) also serves as a matrix for the electrically conductive polymer a) to be 

40 produced. 

Poiymer b) is described in the following paragraphs in detail. The polydentate anionic complexes which 
have a redox potential sufficient for enabling oxidative polymerization of the aromatic compounds may be 
metallic complexes such as MnO*- Cr 2 07 2 ~ or [Fe(CN) 5 p". However, non-metaliic complexes are 
preferred, typically those wherein the following elements are the main elements of the complex: elements of 
4S group IIIA, such as boron, of group VA, such as nitrogen or phosphorous, or of group VIA, such as oxygen 
or sulfur, of the Periodic Table of Elements. Exemplary thereof are S 2 Os 2 ~ and CIO4", with S 2 0 B 2 ~ being 
the most preferred complex. 

The non-metaliic polydentate anionic complexes are preferred over the polydentate anionic metal 
complexes. For example, unlike complexes containing heavy meta! ions, they are not subject to ecological 
50 discussions. 

Polymers which are cross-linked with polydentate, anionic metallic complexes are known. From EA 
* Bekturov, "Interaction of poly(diallyldimethyiammonium chloride) with ferro- and ferricyanide anions". 
Macromol.Chem. 186/71-75 (1986) and DD-A-147 949 it is known to react a poly(diallyldiaikylammonium 
chloride) with metallic complexes such as WinOr or Fe(CN) 5 3 "". In DD-A-147 949 it is suggested to make 
55 use of this reaction in waste water treatment. However, the usefulness of such polymers being cross-linked 
with polydentate, anionic metal complexes for preparing electrically conductive poiymer compositions 
according to the processes of the present invention is not known. 

The standard half cell potential of the polydentate anionic redox system is preferably more than +0.1 
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Volt, more preferably more than +0.8 Volt most preferably more than +12 Volt, depending on the type of 
the monomeric precursors of polymer a). It is important that the anion not only has a redox potential 
sufficient for enabling oxidative polymerization of the monomeric precursor(s) of polymer a) but that it is 
also a polydentate complex. The expression "polydentate complexes" includes bidentate, tridentate. etc. 

5 complexes. The anionic complexes are mono- or polyvalent, preferably mono- to trivalent, more preferably 
divalent. Most preferably, polymer b) contains anionic polynuctear complexes which contain several 
coordination centers linked together with bridge ligands or metal to metal bonds. The polydentate anionic 
complexes cause cross-linking of the polymer. 

Polymers b) which are cross-linked via the above mentioned non-metallic complexes such as S2O8 ~ or 

70 CIO*" and which have an average. particle size of 5 nm to 1 mm, generally of 10 nm to 0.1 mm, preferably 
of 100 nm to 0.1 mm and more preferably of 500 nm to 0.01 mm are novel and are one aspect of the 
present invention. 

Polymer b) has phosphonium or sulfonium groups or. preferably, ammonium groups in the polymer 
chain(s). These groups may be located in the main chain and/or in the side chain(s) of the polymer. By the 
75 term "a polymer b) having phosphonium, sulfonium or ammonium groups" are also meant polymers which 
have phosphonium and sulfonium groups or phosphonium and ammonium groups or sulfonium and 
ammonium groups or phosphonium, sulfonium and ammonium groups. 

The polymers b) can be prepared from known water-soluble polymers c). which contain the same 
ammonium, phosphonium or sulfonium groups as polymer b) but which contain monodentate anions, for 
20 example hydroxy!, halogen such as bromide, fluoride or chloride ions, tetraflouroborate, phosphate, nitrate, 
sulfate, HSO4- or organic anions, such as acetate or the anion of benzene sulfonic acid or p-styrene 
sulfonic acid, by exchanging these monodentate anions with polydentate anionic complexes having the 
desired redox potential such as SsOs 2 ", CIO*-, Cr 2 07 2 ^, MnOr or [Fe(CN) 6 P~ and cross-linking the 
polymer. The anion exchange however does not occur when the polydentate anionic complexes such as 
25 S2O8 2 " are contacted with a monomeric precursor of polymer b). 

Preferred ammonium, phosphonium and sulfonium groups in polymers b) and c) are 

w Rl 

30 N 



35 



/ \ 



B2 



R3 



AO /. \ m 



45 



V 

S-R3 



50 wherein Ri and R 2 independently are hydrogen, alkyl. such as a Ci-s "alkyl, preferably methyl, ethyl, the 
propyl, butyl, pentyl or hexyl groups, for example n-propyl or isopropyl, primary, secondary or tertiary butyl, 
neopentyl or n-hexyl, aralkyl, such as benzyl, or .phenyl or wherein R, and R 2 are joined together to 
represent the atoms required to complete a heterocyclic ring, such as piperidine, pyrrolidine, or morpholine, 
e.g. 

55 -(CH 2 ) 5 -, -<CH 2 )«-. 
or -(CH 2 ) 2 0(CH 2 ) 2 - 

and wherein R 3 . and R* independently are alkyl. such as a Ci-s "alkyl, preferably methyl, ethyl, the propyl, 
butyl, pentyl or hexyl groups, for example n-propyl or isopropyl, primary; secondary or tertiary butyl, 
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neopentyl or n-hexy!, monocyclic aryl, such as phenyl, or monocyclic aryl-alkyl, such as benzyl 
and wherein R 5 is alkyl, such as a Ci-s-alkyl, preferably methyl, ethyl, the propyl, butyl, perrtyl or hexyl 
groups, for example n-propyl or isopropyl, primary, secondary or tertiary butyl, neopentyl or n-hexyl, or 
monocyclic aryl-alkyl, such as benzyl. 

If Ri, R 2 , Rs. R* and/or R 5 is or contains an alkyl radical, the alkyl radical preferably is methyl or ethyl. 

The radicals R;, Ra, Ra. R* and/or Rs should be chosen in such a manner that polymer c) is soluble in 
water to a substantial extent. 

The preferred polymers b) and c) are homo- or copolymers produced from one or more monomers of 
Formuia 



R 



75 



20 




CH2 - C = CH2 



CI) 



CH 2 - C * CH 2 



25 



30 



R 



wherein 

-A and B are -the- same or -drfferentand. represent. a. lower. alkyl or. phenyl radical,, the Phenyl 
radical can be unsubstftuted or substituted with a substituent which is not polymerizable in the presence of 
35 a free radical initiator; 

or A and B together represent -CH 2 -CH 2 -, -CH(CH 3 )-CH(CH 3 h -CH = CH-CH = CH-. -CH = CH-CH = N-, or 
-CH = CH-N = CH-; and 

R and R' are the same or different and represent an atom or group which is non-polymerizing* 
and which polymers b) and c) contain the above mentioned anions. 

40 Preferred substituted lower alkyl or phenyl radicals A or B each independently are substituted by 
hydroxy, amido, carboxyloweralkoxy, loweralkoxy, phenoxy, naphthoxy, cyano, thioloweralkoxy, 
thiophenoxy, loweralkoyl. 5- or 6-membered cycioalkyl. or represent a nitro substituted lower alkyl group. 
Suitable groups R and R' independently are hydrogen, alkyl such as a Ci-e-alkyI, preferably methyl, ethyl, 
the propyl, butyl, pentyl or hexyl groups, for example n-propyl or isopropyl, primary, secondary or tertiary 

45 butyl, neopentyl or n-hexyl, or phenyl radicals, the alkyl or phenyl radicals are optionally substituted by 
hydroxy, amido, carboxyloweralkoxy, loweralkoxy, phenoxy, naphthoxy, cyano, thioloweralkoxy, 
thiophenoxy, loweralkoyl, 5- or 6-membered cycioalkyl, or a nitro substituted lower alkyl group. "Lower" 
alkyl. alkoyl or alkoxy means alkyl, alkoyl or alkoxy groups having from 1 to 3 carbon atoms, preferably 1 or 
2 carbon atoms, such as methyl, ethyl, methanoyl, ethanoyl, methoxy or ethoxy. Preferably, the lower alkyl 

so groups A and B when they are substituted, each independently represent hydroxy methyl, hydroxyethyl or 
ethoxyethyi groups. Preferably, the unsubstituted lower alkyl groups A and B each independently are 
methyl or ethyl. 

Preferably R and R each independently represent Ci- 6 -alkyl, more preferably methyl or ethyl, or 
hydrogen. 

55 The most preferred polymers b) are homo- or copolymers of one or more monomers of formula I 
wherein A and B each independently represent methyl, ethyl or unsubstituted phenyl, preferably methyl; 
and R and R independently are hydrogen or methyl, and which polymers are cross-linked wfth S 2 0b 2 "" 
anions. 
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Further useful polymers b) are homo- or copolymers of one or more monomers of formula II 

S 




CE 2 - C = CH2 



(ID 



which polymers are cross-linked with anions of the above mentioned types, and A, B and R have the above 
mentioned meanings and R12 represents hydrogen or has one of the meanings stated' for A. 

The monomers of formula I or II can also be copoiymerized with minor amounts of any other monomer 
copolymerizable therewith, for example with acryionitrile, styrene, acryiamide or vinyl acetate. Such other 
monomers preferably are used in an amount of less than 50 percent, more preferably up to 20 percent, 
most preferably up to 10 percent based on the total weight of the polymer. If such other monomers are 
used, their amounts should be chosen in such a manner that polymer c), containing monodentate anions, 
such as hydroxy! or chloride, is water-soluble. 

Specific examples of known polymers c) which are useful for preparing the cross-linked polymer b) are 
poly(dimethylammoniono)-1 ,6-hexylene bromide, poly(2-acrytoxyethyl-dimethylsuIfonium chioride), poly- 
(glycidyhributyl , phosphonium chloride), poly(acryioxyethyl trlmethyl ammonium chioride), poiy- 
(methacryloxyethyl trimethyl ammonium chloride), polyvinyl benzyltrimethyl ammonium chloride), poly- 
(methyl(vinyl pyridinium)-ammonium chloride), poly(3-methacryloxyl(2-hydroxy-propyl)trimethyl ammonium 
. chloride).. poly(3-ac^^ trimethyl. ammonium. chloride), poly_(alpha-(methylene. trimethyl. 

ammonium chloride)-ethylene oxide), poly(dimethyl propyl ammonium chloride), quaternized poly(2- or 4- 
vinylpyridine). quaternized polyethyleneimine. polyvinyl methyl pyridinium chloride), or quaternized poiy- 
(dimethylaminoethyl methacryiate) or copolymers of the monomeric precursors of the above mentioned 
polymers with vinyl monomers, in particular copolymers of vinylpyridine/styrene, vinylpyridine/butadiene, 
vinylpyridine/styrene/butadiene-terpolymers, the vinylpyridine-moieties being converted into their salt form 
by treatment with acids, preferably inorganic acids or being in their quaternized form. Terpolymers having 
poly(vinylbenzyltrimethylammonium chioride)/styrene/butadiene units or terpolymers having poly- 
mery loxyethyltrimethyl ammonium chloride) or poly(methacryloxyethyltrimethyl ammonium chloride) units 
instead of poly(vinylbenzyltrimethyi ammonium chloride) are also useful. The most preferred copolymers or 
terpolymers are those having the moieties such as the quaternized vinylpyridine or vinylbenzyltrimethyl 
ammonium chloride in an amount of 1 to 50 percent and butadiene in an amount of 20 to 70 percent, based 
on the polymer weight, any remaining polymer portion being copoiymerized styrene. 

The polymers c) having cationic groups of the type disclosed above and having monodentate anions 
are known in the art. The polymers c) are for example described in US patents 2,923701 and 3,988,037 
and in British patents 1,037,028 and 1,084,540 and in Belgium patent 664427. These known polymers are 
typically linear and usually soluble or swellable in water to a substantial extent. They can be produced 
according to known polymerization processes in aqueous solution or according to emulsion or suspension 
polymerization. Solution polymerization is described in U.S. Patent 3,288,770. Emulsion polymerization and 
suspension polymerization are described in US patents 3,284,393 and 2,982,749. From published Dutch 
patent application 6505750 radical-type polymerization of diallyldimethyiammonium chloride in the presence 
of a persulfate catalyst is known. However, the radical-type polymerization does not provide cross-linked 
polymers containing persulfate anions. 

As mentioned above, the polymers c) are preferably linear. However, it is also possible to start from 
known polymers of the above mentioned types which have been cross-linked with difunctional or Afunc- 
tional non-ionic monomers, for example diallylamine, triallylamine, divinylpyridine, ethylene glycol dia- 
crylate, divinylbenzene, diallylphthalate, diallylfumarate or trivinyibenzene. These products can be slightly 
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cross-linked and still substantially water-soluble. The polymers c) can contain up to 15 weight percent of the 
monomeric precursor. However polymers c) preferably contain less than 5 weight percent, more preferably 
less than 02 weight percent. 

For obtaining a polymer b) in the form of particles of the above-mentioned average size, the polymer c) 
used for preparing polymer b) by anion exchange and cross-linking should generally have a weight average 
molecular weight M n of more than 20,000, preferably from 50,000 to 5,000,000 and more preferably from 
200,000 to 1,500.000. 

A suitable polymer b) containing polydentate anionic complexes can be produced by exchanging at 
least a portion of the anions in a known polymer c) described above with the polydentate anionic complexes 
described above, S 2 0 8 2 " being the most preferred one. The following description of the preparation of 
polymer b) is illustrated using the S 2 0 8 2 " (peroxodisulfate) anion although the useful types of anions are 
not restricted thereto. 

In the practice of preparing polymer b), the water-soluble polymer c) is^ reacted with peroxodisulfunc 
acid or a peroxodisulfate salt in water, preferably at a temperature of from -20° C to +25 C. 

The concentration of the water-soluble polymer c) in the aqueous solution is critical for obtaining a 
cross-linked polymer b) in the form of fine particles. Polymer c) should generally be dissolved in water in a 
concentration of 0.01 to 5 percent, preferably of 0.5 to 2 percent, based on the weight of the aqueous 
solution. If the concentration of polymer c) is too high, the produced water-insoluble polymer b) precipitates 
from the solution in relatively large floes. 

Useful peroxodisulfate salts are for example the ammonium, alkali metal or alkaline earth metal salts, 
such as the tetrabutylammonlum, sodium or potassium salt. The concentration of peroxodi'sulfuric acid or a 
salt thereof is not very critical. It can be in the range of 0.01 weight percent up to a concentrated aqueous 
solution. Polymer c) can be added to an aqueous solution of the peroxodisuifuric acid or a salt thereof or 
vice versa. Generally the solution is stirred during the addition, preferably at 300 rpm or more, more 
preferably at 400 rpm to 600 rpm (revolutions per minute). 

According to a first method I of producing polymer b), the molar ratio between the ammonium, 
phosphonium or suifonium groups in polymer c) and the peroxydisurfate ions is 2:1 or more, preferably from 
2:1 to 2.5:1. The cross-linked polymer b) containing SzOg^groups is then produced in the form of fine, 
white particles. The aqueous dispersion containing the fine particles of the water-insoluble polymer b) does 
not contain substantial amounts of peroxodisulfate anions anymore, typically less than 3 percent, in many 
cases even less than 1 percent, of the original amount of dissolved peroxodisulfate anions. The produced 
aqueous dispersion of polymer b) can be directly used for producing the electrically conductive polymer a) 
as-described. below. The direct usejrf the aqueous, dispersion is parti cuiarly useful ;when preparing polymer 
b) in the form of very fine particles which can not be separated from the water anymore. When polymer b) 
is obtained in larger particles, it can be separated from the water if desired, for example by filtration.. 

According to a second method II of producing polymer b), the molar ratio between the ammonium, 
phosphonium or suifonium groups in polymer c) and the peroxydisulfate ions is less than 2:1, preferably 
from 0.001:1 to 1.98:1, more preferably from 0.01:1 to 1.9:1, most preferably from 02:1 to 1.5:1. The 
produced water-insoluble polymer b) in the form of fine, white particles can be separated from the water, for 
example by filtration. , 

The separated polymer b) can be washed, for example with water and/or methanol, and dried, for 
example under vacuum at 20 to 35* C, preferably at ambient temperature. The produced. polymer b) is 
cross-linked with S 2 0 8 2 ~ groups at a molar ratio of cationic groups, .such as ammonium, suifonium or 
phosphonium groups, to S2O8 2 " groups of 2:1. 

Polymer b) is a solid oxidizing agent for carrying out the oxidative polymerization of aromatic 
compounds according to the processes of the present invention. 

Polymer compositions are obtained which contain the electrically conductive polymer a) and a polymer 
d) having ammonium, phosphonium or suifonium groups in the polymer chain(s). The polymer d) is the 
reduced form of polymer b) (which has been used as an oxidizing agent). Polymer d) contains the same 
ammonium, suifonium or phosphonium groups in the polymer chain(s) as polymer b) and the reduced form 
of the polydentate, anionic complexes. If polymer b) contains S 2 0s 2 ~ complexes, polymer d) contains 
sulfate groups. 

Typical examples of a polymer a) having one or more aromatic compounds in polymerized form are 
polymers containing aromatic rings, furane, aniline, pyrrole and/or thiophene units, such as substituted or 
non-substituted polypyrroles, substituted or non-substituted polythiophenes, substituted or non-substituted 
poiyaniiines or substituted or non-substituted poiyphenyienes. The polypyrroles and in particular the 
polyanilines are preferred. 

The expression poiypyrrole used herein means homo- or copolymers of pyrrole and/or substituted 
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pyrrole or copolymers of pyrrole and heteroarpmatic compounds having rings of 5 or 6 members. 

Preferred pyrroles which can be polymerized according to oxidative polymerization are represented by 
formula IV. 



17 - 



- R 18 (IV) 



R 16 

wherein 

R 1S is alkyl, cycloalkyl, aryl, aralkyl t or aikaryl, which groups are optionally substituted by -COR 20 , -COOR 20 , 
-S0 2 R 20 . -S0 3 R 2£ \ -PO 3 R 20 R 21 , -PO2R 20 , -NR 20 R 21 , -OR 20 , -SR 20 , -CN or -SiR^R^R 2 *, 
or R 16 is hydrogen, -CN, -S0 2 R 20 , -SO3R 20 . -COR 20 , -PO2R 20 or -SKR?fe; 
R 20 and R 21 independently represent hydrogen, alkyl, aryl or aralkyl; 
R22, R» and R 2 * independently represent alkyl or phenyl; 

R 17 and R 18 independently represent hydrogen, a|kyl, cycloalkyl, aryl, aralkyl, aikaryl, -COR 19 , -CN or 
halogen; and 

R 19 is hydrogen, alkyl or aryl. 

Among the alkyl radicals, Ci-C 2 c-aikyl groups are preferred, such as methyl, ethyl, propyl, butyl, cetyl, 
lauryl or steary! groups. Methyl is the most preferred alkyl radical. 

Among the cycloalkyl radicals, a Cs-Cz-cycioalkyl is preferred, that is cyclopentyl, .cyclohexyl or 
cycloheptyl, of which cyclohexyl is the most preferred. 

Preferred halogen radicals are bromine and chlorine. Aryl radicals preferably represent phenyl or 
naphthyl, most preferably phenyl. 

Aralkyl preferably represents a C7-C1 4-aralkyl, most preferably benzyl. .„• 

Substituted groups are preferably mono- or disubstituted, most preferably mono-substituted. Pyrroles 
which are substituted at the aromatic ring are preferably substituted in the 3- and/or 4-position. 

Preferred pyrroles are the unsubstituted pyrrole, the N-alkylpyrroles, In particular the N-methylpyrroie, 
or the N-aryipyrroles, in particular the N-phenylpyrrole as well as the pyrroles which are substituted at the 
aromatic ring with one or two alkyl groups, preferably methyl groups or one or two halogen radicals, 
preferably bromine or chlorine. 

The optionally substituted pyrroles can be copolymerized with other heteroaromatic compounds, 
preferably with furane, thiophene, thiazoie, oxazole. thiadiazole, imidazole, pyridine. 3,5-dimethyipyridine, 
pyrazine, pyridazine, 3,5-dimethylpyrazine, carbazoie or phenothiazine. 

The most preferred pyrrole copolymers are those produced from unsubstituted pyrrole and optionally 
substituted N-methylpyrrole and copolymers produced from unsubstituted pyrrole or N-methylpyrroie and 
furane or thiophene. These pyrrole copolymers contain preferably from 0.1 to 10 mol percent of the 
aforementioned other heteroaromatic compounds, based on the amount of pyrrole. The most preferred 
polypyrrole is a homopolymer of unsubstituted pyrrole. 

"Polyaniline" includes homo- or copolymers of aniline and/or substituted aniline or copolymers of 
aniline and/or substituted aniline with heteroaromatic compounds having five our six members in the 
aromatic ring. Substituted anilines are preferably substituted in the meta- or ortho-position. Preferred 
monomers for producing a poiyaniline are unsubstituted aniline, methylanilines, such as N-methylaniline, 2- 
methylaniline or 3-methyianHine, methoxyanilines, such as 3-methoxy- or 2-methoxyaniIine, and N-phenyl- 
1,4-diaminobenzene. Preferred aniline copolymers are produced from substituted or, preferably, unsub- 
stituted aniline and up to 25 percent pyrrole, based on the total polymer weight. Other preferred aniline 
copolymers contain unsubstituted aniline and up to 50 percent, preferably up to 25 percent, of an above- 
mentioned substituted aniline, such as 3-methoxy- or 2-methoxyaniiine, based on the total polymer weight. 
A homopolymer of unsubstituted aniline is preferred. 

Polythiophene includes homo- or copolymers of thiophene and/or a substituted thiophene or 
copolymers of thiophene and/or a substituted thiophene with heteroaromatic compounds having 5 or 6 
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members in the aromatic ring. Preferred thiophene monomers are the unsubstituted thiophene or thiophene 
which is substituted at the 3-position, such as thiophene-3-sulfonic acid. 

In the following paragraphs a first process A) of the present invention for preparing an electrically 
conductive polymer composition, comprising the above-mentioned polymers a) and d) in an aqueous 
5 reaction diluent in the presence of an above described polymer b) is described in detail. 

The aqueous reaction diluent preferably is water. Optionally It contains up to 20 volume percent, 
preferably only up to 10 volume percent methanol or an other polar organic liquid, based on the total 
volume of the aqueous reaction diluent 

The useful concentration of polymer b) depends on various factors, such as the molecular weight of 
70 polymer b) and the amount of polar organic liquid which is optionally present. If the aqueous reaction 
diluent contains a polar organic liquid in the above mentioned amounts and the average weight molecular 
weight. M n of polymer b) is higher than about 50,000, diluted dispersions of polymer b) are preferred. 

In any event, the amount of polar organic liquid, the molecular weight M n of polymer b) and the 
concentration of polymer b) in the aqueous reaction diluent should be chosen in such a manner that the 
75 reduced form of polymer b), i.e. polymer d), is soluble in the aqueous reaction diluent. 

Polymer b) is dispersed, preferably under vigorous stirring, for example at 300 rpm (revolutions per 
minute) or more, more preferabiy at 400 rpm to 600 rpm in the aqueous reaction diluent at an amount of 
.0.01 to 40 percent, preferably of 0.1 to 30 percent and more preferabiy of 0.2 to 20 percent, based on the 
weight of the aqueous reaction diluent The aqueous dispersion .of polymer b) produced according to 
20 method I described above without isolation of polymer b) can also be used. 

The aromatic compound to be polymerized is dissolved or dispersed In the aqueous reaction diluent. 
When using heteroaromatic compounds, such as an optionally substituted pyrrole or an optionally 
substituted thiophene, the oxidative, polymerization is preferably carried put in the presence of a conducting 
salt Conducting salts are generally known. Preferred salts are alkali metal, alkaline earth metal or 
25 ammonium salts which have anions of the following type: BR~ PF 5 ~, AsF 6 ~ SbCfc" SbFs", CIO*", IO*~ 
HSO*-, SO* 2 -, CF 3 S0 3 -, CH 3 C s mS0 3 - CF 3 COO-, HCsO*-, 2rF s 2 ~ TiF * 2 ~ alkytauHate. alkyisulfonate, 
aikylphosphate or alkylphosphonate. The aqueous reaction diluent preferably contains the conducting salt in 
an amount of from 0.001 to 10 mois per liter, more preferably from 0.01 to 1 mol per liter. Preferred cations 
are sodium, potassium, ammonium or tetrabutylammonium ions. Instead of the salts, acids such as sulfuric 
so acid are also useful. 

When using an optionally substituted aniline, It is advisable to convert it to Its protonated form, i.e., to a 
salt form, prior to oxidative polymerization. Preferably, aniline is reacted in situ in the aqueous reaction 
- diluent- with one -or more. inorganic acids, such as JHCl, HsSO^ot with one" ur more strong organic acids, 
such as benzene sulfonic acid, p-toiuene sulfonic acid, benzoic acid, CH3SO3H or trifiuoroacetic acid. 
35 Benzenesulfonic acid, CH3SO3H and hydrochloric acid are preferred. It is not necessary that the entire 
amount of the protonated aniline is soluble in the aqueous reaction diluent. 

The molar ratio between the aromatic compound to be polymerized and the ammonium, phosphonium 
or sulfonium groups in the cross-linked polymer b) generally is from 0.01:1 to 50:1, preferably from 0.1:1 to 
50:1, more preferably from 1:1 to 15:1 and most preferably from 1:1 to 5:1. 
40 The useful reaction temperature mainly depends on the type of aromatic compound to be polymerized. 
When polymerizing a pyrrole-type aromatic compound, the reaction temperature should generally be below 
.25* 0 in order to avoid secondary reactions, such as cross-linking of the pyrrole-type aromatic compound 
with polymer b), which decrease the electrical conductivity of the produced polypyrroie; the reaction 
temperature preferabiy is 15*C or lower, more preferably 5*0 or lower. When polymerizing an aniline-type 
45 aromatic compound the reaction temperature is Jess critical since aniline fs less reactive. Generally, it is 
from -20* C to 100 " C, preferably from O'C to 50 ' C and most preferably from 5' C to 40 ' C. 

The color of the reaction mixture changes during the polymerization process. During the polymerization 
the polydentate anionic complexes having the above mentioned redox potential are reduced. The reduced 
form of polymer b), i.e. polymer d) mentioned above, dissolves in the aqueous reaction diluent, 
so The dissolved polymer d) which remains in the aqueous reaction diluent can be reacted with 
polydentate anionic complexes having the above mentioned redox potential, such as S 2 0s 2 " groups, as has 
been described above when describing the preparation of polymer b) from polymer c). Aqueous solutions 
which contain S 2 08 2 ~ groups in an amount of more than 1 weight percent, preferably of more than 10 
weight percent, up to saturation are preferably added to the dissolved polymer d). The water-insoluble 
55 poiymer b) which is produced in such a manner can be reused in further processes for preparing 
electrically conductive polymers a). 

The electroconductive polymer composition is obtained in the form of fine particles having an average 
size of 5 nm to 1 mm, generally of 10 nm to 0.1 mm, preferably of 100 nm to 0.1 mm, most preferably of 
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500 nm to 0.01 mm. The polymeric particles can be separated from the aqueous reaction diluent by known 
means such as conventional filtration, centrrfugation or filtration by suction and are preferably purified by 
washing, for example with water or organic liquids, such as methanol. 

The particles of the electrically conductive polymer composition can be pressed to articles of a stable 
shape, such as pellets, at a: temperature from 50* C to 300 " C, preferably from 100* C to 250* C. and at a 
pressure of from 10 bar to 400 bar, preferably from 50 bar to 250 bar, according to the method disclosed in 
DE-A-32 27 914. Generally, the highest measured conductivities of such, pellets are between 10" z S/cm and 
5 S/cm. 

Analysis of the produced electrically conductive material indicates that the polymer composition not 
only contains an electrically conductive polymer a) but also a polymer d) having ammonium, phosphonium 
or sulfonium groups in the polymer chain(s). In some cases the presence of polymer d) in the produced 
polymer composition may be due to an incomplete solution of polymer d) in the aqueous reaction diluent 
Without wanting to be bound to the theory, it is however believed that the particles of the electrically 
conductive polymer composition produced according to process A) of the present invention contain a core, 
which contains polymer a) in substantially pure form, and a polymer d) which is mainly located at the 
outside of the particles, i.e. polymer d) is the coating or a partial coating of the particles, or acts as a 
surfactant respectively. 

The core/coating structure of the electrically conductive polymer particles, prepared according, to 
process A) of the present invention, has been confirmed by S. E. M. (scanning electron microscope). 

According to the second process B) of the present invention an electrically conductive polymer 
composition is produced which comprises a core of an electrically conductive polymer a) of one or more 
aromatic compounds and a coating of a polymer d) having ammonium, phosphonium or sulfonium groups in 
the polymer chain(s), the weight of the coating being up to 25 percent, based on the total weight of a) and 
d) and the polymer composition having an average particle size of 5 nm to 1 mm. 

The core/coating structure of the electrically conductive polymer particles, prepared according to 
process B) of the present invention, is confirmed by S.E. M. (scanning electron microscope). 

In the practice of process B), a water-soluble oxidizing agent is continuously or batch-wise added to an 
aqueous reaction mixture which contains one or more aromatic compounds, a polymer c) and an aqueous 
reaction diluent described above. Polymer c) should contain anions which are spontaneously exchangeable 
with the polydentate anionic complexes in the oxidizing agent. Useful polymers c) have been described 
above when describing the preparation of . polymer b). The water-soluble oxidizing agent contains a 
polydentate anionic complex having a redox potential sufficient for enabling oxidative polyrnerization^ of the 
aromatic compounds. t t , , , 

The water-soluble oxidizing agent preferably Is A 2 S 2 OBt A CIO*, A 2 Cr 2 07, AMnCU or AafFefCNJs] 
wherein A is a cation, preferably the hydrogen ion, an alkali metal cation, such as lithium, sodium or 
potassium, an alkaline earth metal Ion such as magnesium or calcium or an ammonium ion such as 
tetramethyl ammonium or NH/. The most preferred oxidizing agents are H 2 S 2 0s, Na 2 S 2 08, K 2 S 2 0 8 and 
(Nl-UhSsOs. 

Useful aqueous reaction diluents for process B) of the present invention have been indicated above 
when describing method A) of the present invention for preparing the electrically conductive polymer 
composition. 

Polymer c) generally has a weight average molecular weight M fl of more than 20,000, preferably from 
50.000 to 5,000,000, more preferably from 200,000 to 1,500,000 and most preferably from 200,000 to 

1,000,000. * 

The molar ratio between the ammonium, phosphonium or sulfonium groups in polymer c) and the 
oxidatively polymerizable aromatic compound preferably is from 0.001:1 to 10:1, more preferably from 
0.01:1 to 1:1 and most preferably from 0.05:1 to 0.5:1. Polymer c) should generally be dissolved in the 
aqueous reaction diluent in a concentration of from 0.01 to 5 percent, preferably from 0.1 to 2.5 percent, 
based on the weight of the aqueous reaction diluent. For obtaining electrically conductive polymer 
comp sitions having a high electrical conductivity, the molar ratio between polymer c) and the aromatic 
compound and the concentration of the polymer c) in the aqueous reaction diluent is critical. By varying the 
said molar ratio and concentration of polymer c) beyond the above-mentioned ranges, as described further 
below, the particle size and the electrical conductivity of the produced electrically conductive polymer 
composition can be influenced. 

When using heteroaromatic compounds, such as an optionally substituted pyrroie or an optionally 
substituted thiophene in the oxidative polymerization process, the aqueous reaction mixture preferably 
contains an above-mentioned conducting salt. The alkali metal salts such as the sodium salt of benzene 
sulfonic acid or benzene disulfonic acid, NaHSO* or CH 3 -S0 3 Na are the most preferred conducting salts. 
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The molar ratio between the heteroaromatic compound and the conducting salt preferably is from 0.1:1 to 
10:1 , more preferably from 1 :1 to 4:1. 

For the oxidative polymerization of a pyrrole-typ aromatic compound a reaction temperatur of 
generally 0 to 50* C, preferably of 0 to 20* C, more preferably of 0 to 10° C is useful. For the oxidative 

5 polymerization of a aniline-type aromatic compound a reaction temperature of generally 0 to 80 C, 
preferably of 5 to 50 * C, more preferably of 1 5 to 40 ' C is useful. 

The oxidative polymerization process is explained in detail below using I^SsOs as a water-soluble 
oxidizing agent although the process of the present invention is not limited thereto. 

In the practice of the oxidative polymerization process B) of the present invention, a catalytic amount of 

70 a polymer b) described above containing SsOe 2 " groups is produced in situ in an aqueous reaction mixture 
and is precipitated from the aqueous reaction mixture by addition of a small amount of the water-soluble 
oxidizing agent, such . as K2S2O8, to the aqueous reaction mixture whereby the SsOb 2 " groups react with 
polymer c) comprised in the reaction mixture. The produced polymer b) containing S2OB 2 " groups oxidizes 
the aromatic compounds during their oxidative polymerization whereby the S 2 0s 2 ~ groups in the polymer 

T5 containing ammonium, phosphonium or sulfonium groups are reduced to sulfate groups. The polymer 
containing ammonium, phosphonium or sulfonium groups and sulfate groups Is soluble in the aqueous 
reaction diluent. Then again a small amount of the water-soluble oxidizing agent, such as K2S2OS, Is added 
to the aqueous reaction mixture, polymer b) containing. S2O8 2 " groups is precipitated, etc. until the 
oxidative polymerization is completed. Preferably, aqueous solutions containing from 0.1 weight percent up 

20 to saturated solutions of the water-soluble oxidizing agent are added to the aqueous reaction mixture 
containing an aromatic compound, polymer c) and optionally a conducting salt. More preferably, the 
aqueous solution contains from 10 to 70 weight percent of the water-soluble oxidizing agent By "water- 
soluble" is meant that 0.1 percent or more, usually 1 percent or more, preferably 10 percent or more 
oxidizing agent is soluble in water, based on the water weight The molar ratio between the oxidizing agent, 

25 such as a peroxodisuifate salt, and the aromatic compound generally is from 0.1:1 to 5:1, more preferably 
from 0.5:1 to 2:1, most preferably about 1:1. 

The oxidizing agent may be continuously added to the reaction mixture, preferably over a time period 
of from 4 to 30 hours, more preferably from 6 to 15 hours. Electrically conductive polymer powder 
compositions of surprisingly high conductivities are obtained. Polypyrrole based powder compositions have 

30 electrical conductivities of up to 5 S/cm. Poly aniline based powder compositions have electrical conductiv- 
ities of up to 25 S/cm. . 

Alternatively, the oxidizing agent may be added batch-wise to the reaction mixture. Preferably, the total 
. amount .of the .oxidizing agent is divided into 5 to. 20 : , more, preferably 7 to. 15, about equal portions. 
Preferably, the molar ratio between the added peroxodisuifate ions and the ammonium, sulfonium or 
35 phosphonium groups in the polymer chain(s) of polymer c) is not less than 1:2. It is advisable to stir the 
reaction mixture for a while after each addition of a portion of the oxidizing agent, preferably from 15 
minutes to 3 hours, more preferably from 30 to 60 minutes. The produced polypyrrole based powder 
compositions have electrical conductivities of up to 5 S/cm. Surprisingly, It has been found that polyaniline 
based powder compositions having electrical conductivities of even up to 50 S/cm are obtained according 
40 to this batch process. 

According to process B)pf the present invention electrically conductive polymer composition of a very 
small particle size, i.e. as low as 10 nm, in same cases even as low as 5 nm can be obtained when the 
molar ratio between the ammonium, phosphonium or sulfonium groups in polymer c) and the oxidativeiy 
poiymerizable aromatic compound, such as art optionally substituted aniline, is at least 25:1, preferably from 
45 30:1 to 100:1, and the concentration of polymer c) in the aqueous reaction diluent is from 5 to 20 percent, 
preferably from 7 to 15 percent, based on the weight of the aqueous reaction diluent. 

The produced aqueous dispersion of the electrically conductive polymer composition comprising 
polymers a) and d) described above is stable. Upon evaporation of the aqueous reaction diluent mechani- 
cally stable, tough films are obtained. Transparent films having a surface resistivity of about 10 s to 10 6 
50 ohms are obtained when producing polyaniline-type polymer compositions. 

When choosing the molar ratio between the ammonium, phosphonium or sulfonium groups in polymer 
c) and the oxidativeiy poiymerizable aromatic compound of from 5:1 to 10:1 and the concentration of 
polymer c) in the aqueous reaction diluent is from 5 to 20 percent, preferably from 7 to 15 percent, based 
on the weight of the aqueous reaction diluent, abrasion resistant coatings made of the electrically 
55 conducting polymer composition are obtained according to process B) of the present invention upon 
evaporation of the aqueous reaction diluent. In the case of polyaniline-type polymer compositions these 
coatings have found to be non-transparent and having a conductivity of 10~ 2 to 10~ 3 S/cm. 

The electrically conductive polymer composition produced according to method B) of the present 
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invention is obtained in the form of particles having an average size of 5 nm to i mm, usually of 10 nm to 
0.1 mm. preferably of 100 nm to 0.1 mm and more preferably of 1000 nm to 0.01 mm. The particle coating 
consisting essentially of poiymer d) described above which coats at least a portion of the polymer a) -type 
core provides a good adhesion between the individual particles after the aqueous reaction diluent has been 
5 removed. The particles of the electrically conductive polymer composition can be pressed to articles of a 
stable shape such as pellets as described above with respect to the oxidative polymerization process A). 

Generally the electrically conductive polymer composition produced in an aqueous reaction diluent 
according to process A) or B) of the present invention contains up to 25 percent, preferably from 2 to 20 
percent and more preferably from 5 to 15 percent of polymer d), based on the total weight of the 
70 electricaily conductive poiymer composition. 

... In the following paragraphs a third, process C) of the present invention for preparing an electrically 
conductive polymer composition of a polymer a) of one or more aromatic compounds and a polymer d) 
having ammonium, phosphonium or sutfonium groups in the polymer chain(s) in an organic reaction diluent 
in the presence of an above described polymer b) is described in. detail. 
75 If the organic solvent, which is used as a reaction diluent is miscible with water, the organic reaction 
diluent may contain water in an amount of less than 80 percent preferably up to 50 percent, based on the 
total volume of the reaction diluent Organic reaction diluents which do not contain substantial amounts of 
water, for example less than 10 weight percent are also useful. When using poiy(diallyidimethylammonium 
peroxodisulfate) as polymer b), the organic reaction diluent preferably consists of a mixture of an organic 
20 solvent and water at a volume ratio of about 1:1. In any event, the amount of water has to be small enough 
that a substantial amount of the reduced form of polymer b), i.e. the above mentioned polymer d), is 
insoluble in the organic reaction diluent after the oxidative . polymerization process. The suspended fine 
particles of polymer d) serve as a carrier or matrix for the produced electrically conductive poiymer a) 
whereby an electrically conductive polymer composition Is produced. Useful organic solvents are for 
25 example alcohols, such as methanol, ethanol or the propanols; glycols, such as propylene glycol, ethylene 
glycol or glycerine; dioxane, tetrahydrofurane, acetonltrile or propylene carbonate. 

Polymer b) is dispersed, preferably under vigorous stirring, for example at 300 rpm or more, more 
preferably at 400 rpm to 600 rpm, in the organic reaction diluent at an amount of 0.01 to 40 percent 
preferably of 0.1 to 40 percent and more preferably of 0.2 to 30 percent, based on the weight of the organic 
ao reaction diluent An ultrasonic bath is also useful for dispersing polymer b) in the organic reaction diluent 
The aqueous dispersion of polymer b) produced according to method I described above without isolation of 
polymer b) can also be used and mixed with a sufficient amount of an organic solvent as indicated above. 

The aromatic compound" the molar' ratio between the arbmatic compound to" be polymerized and the 
cross-linked polymer b) and the useful reaction temperature are the same as described above with respect 
35 to the oxidative polymerization in an aqueous reaction diluent according to process A). The oxidative 
polymerization can be carried out in the presence of an organic conducting salt Preferred examples are 
alkali metal, alkaline earth metal and ammonium salts of n-dodecylsulfate, aromatic sulfonic acids, 
phthaiocyanine sulfonic acids, polystyrene sulfonic acids, campher sulfonic acid, styrene sulfonic acid, vinyl 
sulfonic acid, long chain fatty acids or benzene sulfonic acid which are soluble in the organic reaction 
40 diluent. The molar ratio between the aromatic compound(s) and the conducting salt preferably is from 3:1 to 
20:1, more preferably from 3:1 to 10:1. 

The electrically conductive polymer compositions of poiymer a) and poiymer d) is obtained in the form 
of fine particles having an average size of 10 nm to 1 mm, preferably of 10 nm to 0.1 mm, more preferably 
of 100 nm to 0.1 mm, most preferably of 500 nm to 0.01 mm. The polymeric particles can be separated 
45 from the organic reaction diluent, purified, dried and pressed to articles of a stable shape, such as pellets 
as described above with respect to the oxidative polymerization process A) in an aqueous reaction diluent 
Generally, the measured conductivities of such pellets are from 10~ 7 S/cm to 5 S/cm. 

By oxidative polymerization of the above mentioned aromatic compounds in aqueous or organic 
reaction diluents, electricaily conductive, fine polymeric particies having the above mentioned average size 
so are produced. By using polymer b), which is dispersed in the reaction diluent as an oxidizing agent, 
lectricaily conductive particles of substantially uniform size can be obtained. Furthermore, the produced 
electrically conductive polymeric particles do not tend to agglomeration to a substantial extent as long as 
they are in the aqueous or organic reaction diluent Without wanting to be bound to a particular theory, it is 
believed that polymer b) also acts as a dispersing agent in the oxidative. polymerization process. Electricaily 
55 conductive polymeric particles of various sizes can be produced depending on the chosen process 
parameters. Tne electrically conductive polymeric particles produced according to the processes of the 
present invention are very suitable for the applications described below. 

The electrically conductive poiymer compositions of polymer a) and polymer d) prepared according to 
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the processes of the present invention can be used as an electrically conductive filler for a polymer. 

The electroconductive filler of the above mentioned type is dispersed in an aqueous or preferably in an 
organic solution of a polymer, such as a polycarbonate or a chlorinated polyethylene. Any polymer is useful 
which is suitable to form mechanically stable films. The organic solution preferably contains from 0.1 to 25 

5 percent, more preferably from 1 to 20 percent of the said polymer, based on the weight of the solution. The . 
electroconductive filler can be used in amounts of 0.1 to 99 percent, preferably of 10 to 40 percent, by 
weight of the polymer. Preferred organic solvents are polar organic solvents, such as chlorinated solvents, 
dimethylformamide or tetrahydrofurane. From the produced dispersions films can be prepared by evaporiz- 

ihg the solvent According "to a preferred method the dispersion* is*" applied oh a substrate, such' as a glass 

10 plate before evaporizing the solvent. 

The above mentioned electroconductive filler can also be blended with thermoplastic polymers by 
conventional polymer processing methods, such, as using roll-mills or extrusion techniques and the blend 
can be processed to films by known means. 

The electrically conductive polymer compositions of polymer a) and polymer d) prepared according to 

is the processes of the present invention can also be used for preparing films or coatings. The electrically 
conductive polymer composition of polymer a) and polymer d) is dispersed in an aqueous or organic 
medium. Alternatively, the produced aqueous or organic dispersions produced according to the present 
Invention can be directly used without separating the dispersed electroconductive particles from the 
aqueous or organic reaction diluent. 

20 In order, to obtain films or coating of sufficient mechanical stability, the aqueous or organic dispersion 
containing the produced electroconductive particles should also contain a binder for these electroconductive 
particles. 

In aqueous dispersions, the dissolved polymer , d) which originates from the oxidative polymerization 
process such as poly(diallyldimethylammonium sulfate) can act as a binder. This is very advantageous 

25 because the produced aqueous dispersion containing the electrically conductive polymer composition In the 
form of dispersed fine particles after the oxidative polymerization can be directly used for coating surfaces 
by simple evaporation of the aqueous reaction diluent. Other useful binders are .water-soluble polymers 
such as cellulose ethers, for example methylceliuiose ethers, hydroxypropylmethylcellulose ethers or 
carboxymethyicellulose ethers; polyvinyialcohols, poly(vinylalcohol/vinylacetate) and the above mentioned 

3D water-soluble polymers c) and polymers d), such as poly(dialiyldimethyiammonium) chloride. These 
polymeric binders can be added to the aqueous reaction diluent prior to, during or after the oxidative 
polymerization of the aromatic compounds according to the process of the present invention. Alternatively, 
I. as. mentioned I ..above, the electrically conductive polymer composition of polymer a) and d) can be 
separated from the reaction diluent, the wet or dry powder can be redispersed in an aqueous liquid and an ' 

35 above mentioned binder can be added. The aqueous dispersion preferably contains the polymeric binder at 
an amount of less than 10 percent, more preferably of 0.1 to 5 percent based on the total weight of the. 
dispersion. The aqueous dispersion is then applied to a substrate, such as wood, paper, glass or a 
polymeric substrate. After evaporation of the aqueous liquid, conductive or antistatic coatings of various 
thicknesses and of good abrasion resistance can be obtained, 

40 Analogously, in organic suspensions thermoplastic organic-soluble polymers are useful as binders. 

The electrically conductive polymer compositions produced according to processes A) and B) de- 
scribed above wherein polymer a) is an optionally substituted aniline homo- or copolymer may be 
deprotonated, for example using an aqueous ammonia solution. These deprotonated polymer compositions 
are soluble in organic solvents such as N-methyipyrroiidone, dimethyl acetamide or dimethyl formamide. 

45 Electrically conductive films can be produced from such an organic solution by casting the solution on a 
substrate such as a glass plate, evaporizing the organic solvent and treating the film with an acid such as 
hydrochloric acid. 

The produced coatings or free-standing films can be used as an electrical conductor or semi-conductor, 
as an electrode material, in a solar cell, for the antistatic finishing of plastics or paper, as an electromagnetic 
50 shielding material, as an electrochemical membrane, in a heating film, for capacitive scanning or in fuel 
cells. 

The present invention is further illustrated by the following examples which should not be construed to 
limit the invention. All percentages and parts are by w ight unless otherwise mentioned. Unless otherwise 
mentioned, the electrical conductivity is determined by measuring the electrical resistivity of powder 
55 samples which have been compressed at 10 tons to pellets of a diameter of 13 mm and a thickness of 0.1 
mm to 0.4 mm. The volume resistivity of the pellets and the surface resistivity of the coatings and films are 
measured using a Fluke 8060 A RMS multimeter (the distance between the electrodes is one centimeter and 
ttie electric potential is 1.18 volt). The values of .the volume resistivity have been found to be dependent on 
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the pressure during the measurements. The pellets are compressed at 10 kN during the measurements. 
Four point-measurements have been carried out according to the "van der Pauw" method. The electrical 
conductivity is determined as described by H.J. Mair, S. Roth, "Eietrisch leitende KunststoffeYCarl Hauser 
Veriag Munchen, Wi n, 1986, pages 27 - 47 and literature cited therein.. 



Example 1 

54.5 g of a 19 percent aqueous solution of poIy(diallyldimethylammonium chloride), hereafter "poly- 
10 DADMAC", (0.065 mole), is diluted with water to a total volume of 250. ml. The poly-DADMAC has a 
monomer content of 12 percent, a polymer content of . 88 percent and an intrinsic viscosity of 1 .71 dl/g. 

The solution is slowly added within 2 hours to a solution of 5.81 g (0.025 mole) of (NH<.) 2 S 2 0 8 in 125 
mi of water at 10* C. The solution is vigorously stirred at 500 rpm (revolutions per minute) in order to obtain 
poly(diallyldimethylammoniumperoxodisuifate), hereafter "poly-DDAP", in the form of an aqueous dispersion 
75 (average particle size of poly-DDAP as determined by S.E.M.: 0.015 to 0.020 mm). 

The residual content of peroxodisulfate dissolved in the aqueous solution is 0.06 g/L determined by 
thiosulfate titration. Thus 98.8 percent of the peroxodisulfate has been precipitated from the aqueous 
solution. 

30 g of aniline (0.32 mole) is brought into a glass reactor and converted into the hydrochloride form by 
20 slowly adding 35 g of 37 percent aqueous hydrochloric acid diluted with water to a total volume of 125 ml. 
The reactor is purged with nitrogen and heated to 30* C. The aqueous suspension of poly-DDAP prepared 
as described above drops into the reactor within 1 hour. After 1-2 minutes the reaction mixture becomes 
dark green. The mixture is stirred for 4 hours at 30* C after complete addition of the aqueous suspension of 
poly-DDAP. The product is filtered by suction, thoroughly washed with water and with little methanol. The 
25 product is dried in vacuum at 40 * C for 12 hours. 2.2 g of a dark green powder is obtained, the yield is 68 
"percent, based on the amount of the peroxodisulfate salt and based on the molecular weight of aniline 
hydrochloride. 

A portion of the powder is pressed to a pellet. The volume resistivity of a 0.3 cm thick pellet is 18 
ohms. The surface resistivity of the dark blue metallic glittering pellet is 50 ohms to 80 ohms (two-point 
30 measurement). 

Analysis data: 58.05 percent C, 5.48 percent H, 5.96 percent CI, 1 1 .3 percent N. 



35 



Example 2 



50 g of the poly-DADMAC solution described in Example 1 is diluted with water to 500 ml. The solution 
is dropped into a solution of 45 g (NH*) 2 S 2 08 in 500 ml of water. The white precipitate of poly-DDAP is 
filtered by suction and washed with water (average size of the poly - DDAP particles as determined by 
S.E.M. : 0.015 to 0.025 mm). The poly-DDAP powder is redispersed in 200 ml of water by stirring the 
ao suspension for 2 hours. 

Aniline hydrochloride is prepared in the same manner as described in Example 1. The aqueous poiy- 
DDAP suspension is added to the solution of aniline hydrochloride and stirred for 18 hours at 30 C. The 
obtained dark green particles are filtered by suction, washed with water and little methanol. The product is 
dried in vacuum at 40* C for 10 hours. 2.14 g of a dark green powder is obtained. 
45 The electrical conductivity is determined to be 3.48 S/cm (four point measurement). The particles 
adhere well to each other in the pellets. S.E.M. pictures show that the particles having a size of 1000 to 
2000 nm are bound together in larger agglomerates which have a size of about 0.01 mm and are provided 
with a coating. 



so 



Example 3 



50 g of the poly-DADMAC solution described in Example 1 is diluted with water to a total volume of 500 
ml (0.05 mole, 1.9 percent poly-DADMAC, based on the weight of the solution). This solution is dropped 
55 within 2 hours under vigorous stirring into a solution of 45 g of (NhL) 2 S 2 OB (0-2 mole) in 500 ml of water at 
a temperature of 10* C. The white precipitate of poly-DDAP is sucked off and washed with water (average 
size of the poly - DDAP particles as determined by S.E.M. : 0.015 to 0.025 mm). The precipitate is 
redispersed in 150 ml of water by vigorously stirring the suspension for 2 hours. 
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35 g of concentrated H 2 SO* are cautiously added to 100 ml of water and the reactor is purged with 
nitrogen. 30 g of aniline (0.32 mole) is added drop by drop to the acidic solution. Aniline sulfate precipitates 
from the solution and is dispersed in water by stirring the reaction mixture. The reactor is heated to 30* C 
and the aqueous suspension of poly-DDAP is added drop by drop within 25 minutes. After about 2 minutes 
s the reaction mixture becomes dark green. The- mixture is stirred- for 15 hours at 30* C. Then the dark green 
particles are filtered by suction, washed thoroughly with water and with methanol. The product is dried in 
vacuum for 12 hours at 40* C. 6.2 g of a dark green powder is obtained. The electrical conductivity is 
determined to be 1 .94 S/cm (four-point measurement). 

10 

Example 4 



Preparation of an aqueous suspension of poly-DDAP 

75 

50.0 g of a 21.4 percent aqueous solution of poly-DADMAC is diluted with water, to a total volume of 
250 ml. The poly-DADMAC has a monomer content of 7 percent, a polymer content of 93 percent and an 
intrinsic viscosity of 1.90 dl/g. The solution is added under vigorous stirring to 6.27 g of (NI-U^Os 
dissolved in 125 ml of water at 5* C within 1 hour. The aqueous suspension of the produced poly-DDAP is 
20 used for the further conversion with aniline. 

Preparation of the electrically conductive polyaniline based powder composition 

as 54 g of benzene sulfonic acid is dissolved in 500 ml of water in a glass reactor and purged with 
nitrogen. 30 g of aniline is added drop by drop to the solution and the reactor is heated to 30 *C. The 
aqueous suspension of poly-DDAP is added within 1 hour. The reaction mixture becomes dark green and 
stirring Is continued for 15 hours at 30* C. Then the polyaniline based powder composition is filtered by 
suction and washed with water and methanol. The powder is dried in vacuum for 12 hours at 40 'C. The 

30 yield is 3 g. 

A portion of the powder is pressed to a pellet. The volume resistivity of a 0,35 cm thick pellet is 40 
ohms (two-point measurement). 

35 Example 5 

50 g the poly-DADMAC solution described in Example 4 is diluted with water to a total volume of 500 
ml. The solution is slowly dropped into a solution of 63 g of (NHifeSsOs in 500 ml of water. The white poly- 
DDAP precipitate is filtered by suction and washed with water. The poly-DDAP is dispersed in a mixture of 

40 250 ml of methanol/water (volume ratio 1:1) by vigorously stirring the suspension for 2 hours. 

35 g of 37 percent aqueous hydrochloric acid is diluted with water to 125 ml in a glass reactor and 125 
ml methanol is additionally put into the reactor. Then 30 g of aniline is siowly added and the reactor is 
heated to 30* C. The aqueous suspension of poly-DDAP is added drop by drop within 1 hour. Stirring of the 
reaction mixture is continued after complete addition of poly-DDAP for 4 hours. Jhe black particles are 

45 filtered by suction and washed with water and methanol. After vacuum drying at 35* C for 8 hours 5.9 g of a 
black powder is obtained. 

A portion of the material is pressed into a pellet of 0.35 cm thickness. The volume resistivity is 7 ohms 
(two-point measurement). 

50 

Example 6 

An aqueous suspension of poly-DDAP is prepared as described in Example 2. 

50 g NaBF* is dissolved in 100 ml of water in a glass reactor which has been purged with nitrogen. 15 
55 g of pyrrole is added to the solution. The solution is stirred and heated to 30* C. The aqueous suspension 
of poly-DDAP is added within 1 hour. As soon as the first drops of the suspension have been added, the 
reaction mixture becomes'dark. Stirring of the mixture is continued for 15 hours at 30*C. Then the^ black 
reaction produced is filtered by suction, washed with water and methanol and dried in vacuum at 35 C for 
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8 hours. 13.7 g of a black powder is obtained. 

A portion of the material is pressed into a pellet of 0.4 cm thickness. Its volume resistivity is 9.10* 

ohms. 

s 

Example 7 

Example 7 is carried out as described in Example 6, but the reaction temperature is kept between 5' C 
and 10* C for 6 hours. The product is isolated, washed and dried as described in Example 6. 
to The voiume resistivity of a pellet of 0.2 cm thickness is 9.10 1 ohms. 



Example 8 

T5 .53.3 g of the poiy-DADMAC solution described in Example 4 is diluted with water to 500 ml and 
dropped into a solution of 66 g of (NH^SaOs in 125 mi of water. The white microfiocs of poly-DDAP are 
filtered, washed with water and again dispersed by stirring them in 150 mi of water. 

This suspension is dropped into a solution of 54 g benzenesulfonic acid and 20 g pyrrole in a mixture 
of 450 ml of water and 50 ml of methanol at S* C. The black reaction mixture is stirred for 5 hours at this 

20 temperature. Then the temperature is allowed to raise to 20 "C and stirring of the mixture is continued for 
10 hours. The dark green to black product of very fine particle size is allowed to settle overnight, the water 
is then decanted and the particles are isolated by filtration. The product is washed with methanol and dried 
at 35 " C in vacuum. The yield of the product is 7.1 g. 

The electrical conductivity is determined to be 3.4 S/cm (four-poimt measurement). 

25 . . . , • , . .•; . *. . " 

Example 9 . 

A suspension of poly-DDAP is prepared as described in Example 2. The white particles are filtered by 
30 suction and washed with water. The product is dispersed in 225 mi of a mixture of methanol and water at a 
voiume ratio of 2:1 by vigorous stirring. 

225 ml of a mixture of methanol and water at a volume ratio of 2:1 and 25 g pyrrole are brought into the 
glass reactor. The suspension of poly-DDAP in the methanol/water mixture is slowly dropped under stirring 
into the mixture of pyrrole and the methanol/water mixture. The reaction temperature is kept at 35' C for 5 
35 hours. The black product is filtered and thoroughly washed with methanol. After drying in vacuum at 35* C a 
portion of the product is pressed into a pellet of 0.15 cm thickness. 
Its voiume resistivity is 2.10 6 ohms. The yield is 9.3 g. 



40 Example 10 

A dispersion of poly-DDAP in 225 ml of a methanol/water mixture, prepared as described in Example 9 
is added drop by drop to a solution of 24.6 g of NaBF* in a mixture of 150 ml of methanol, 75 ml of water 
and 23 g of pyrrole. The reaction mixture is then stirred for 6 hours. Then the blue-black product is filtered 
45 by suction, washed with water and methanol and dried in vacuum as described in Example 9. The yield of 
the powdery product is 8.5 g. 

A 0.2 cm thick pellet of the pressed powder has a volume resistivity of 4.1 0 3 ohms. 
The following Examples 11-14 demonstrate the use of a polymer composition of polyaniline (polymer 
b)) and poly(dimethyldialtylammonium sulfate) (polymer d)) in powder form as electroconductive filler in a 
so polymer. • 



Example 1 1 

2.5 g of polycarbonate (sold by Aldrich) is dissolved in 25 ml of methylene chloride. 1 g of a pulverized 
polyaniline based polymer composition, prepared according to Example 1, is dispersed in the solution 
under stirring for 20 hours. A portion of the dispersion is then poured on a glass plate and the solvent is 
allowed to evaporate. A flexible black polycarbonate film of 2 mm thickness is obtained. 
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The backside of the film which has adhered to the substrate has an electrical resistivity of 1.1 0 3 ohms 
to 4.1 0 3 ohms. The resistivity of the front surface of the film is about 4.1 0 4 ohms. 



Example 12 

2.5 g of polycarbonate is dissolved in 25 ml of methylene chloride and 025 g of a pulverized 
polyaniiine based polymer composition, prepared according to Example 1, is dispersed in the solution. A 
conductive antistatic dark-green to black film of 0.2 mm thickness is prepared as described in Example 11. 

The backside of the film which has adhered to the substrate has an electrical resistivity of 10 4 ohms to 
10 s ohms; the.front surface of the film has an electrical resistivity of 10 B ohms. 



Example 13 

1 g of a polymer composition which has been prepared as described in Example 5 is dispersed in a 
solution of 2.5 g of polycarbonate in 25 ml of methylene chloride for 20 hours, A conductive film is prepared 
as described in Example 11. 

The backside of the film which has adhered to the substrate has an electrical resistivity of 2.1 0* ohms, 
to 5.1 0 4 ohms, the front surface of the film has an electrical resistivity of 1.10 6 ohms to 2.1 0 6 ohms. 



Example 14 

52 g of the 21.4 percent poly-DADMAC solution described in Example 4 is diluted with water to a total 
volume of 250 ml. This solution is slowly added to a solution of 65.2 g of (NH^) 2 S 2 0b in 250 ml of water at 
5*.C to 10* C under vigorous stirring. After stirring for an additional hour, the white precipitate Is filtered and 
washed with water. The solid poly-DDAP particles are dispersed in methanol and filtered again. This 
procedure is repeated with methylene chloride. 

30 g of polycarbonate (sold by Aldrich) is dissolved in 300 ml of methylene chloride. 200 ml of the 
solution is placed in a glass reactor and 9 g of aniline hydrochloride prepared according to Example 1 is 
added which does not completely dissolve in the solution. The solid, washed poly-DDAP particles are 
dispersed in 100. ml of the polycarbonate solution in methylene chloride by vigorous stirring for 2 hours. 
Some poly-DDAP is still dispersed in the polymer solution in the shape of larger floes, the dispersion is 
placed into a glass reactor within 1 hour while stirring. The reaction mixture becomes blue after about 10 to 
15 minutes and later black. The reaction mixture is stirred overnight at room temperature. The dispersion is 
poured on a glass substrate and the reaction diluent is allowed to evaporate. 

The backside of the produced film which has adhered to the glass plate has an electrical resistivity of 
2.1 D 3 ohms. 

Example 15 

53.3 g of the 21.4 percent poly-DADMAC solution described in Example 4 is diluted with water to a total 
volume of 250 ml. This solution is dropped under vigorous stirring into a solution of 16.7 g of (NH4.) 2 S 2 08 in 
250 ml of water at 5* C to 10* C. The white precipitate of poly-DDAP is filtered and washed with water. 68.2 
g of wet product is obtained. 

6.7 g of aniline hydrochloride prepared according to Example 1 is dissolved in 50 ml of water. The wet 
solid poly-DDAP is added within 4 hours in about four parts to the aniline hydrochloride solution at 18* C. 
After the first part has been added, the reaction mixture becomes blue, then dark-blue and turns to green- 
black after about 20 minutes. The reaction mixture is stirred for 5 hours and becomes highly viscous due to 
the simultaneous formation and dissolution of poly(diallyidimethylammonium sulfate) in water. The reaction 
mixture is diluted with 50 ml of water and stirring of the solution Is continued for 15 hours at 20* C. The 
viscous aqueous dispersion containing the dispersed polyaniiine based polymer composition of very fine 
particle size is poured on a glass platB. The water Is allowed to evaporate. The dark green to black coating 
is highly abrasive resistant 

Its electrical resistivity is 1.10 s ohms. 
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Example 16. 

54 g of the 21.4 percent poiy-DADMAC solution described in Example 4 is diluted with water to a total 
volume of 500 ml. The solution is slowly added to a solution of 6.8 g of (NH<) 2 S 2 08 in 500 ml of water at 
5 5* C to 10* C to produce an aqueous dispersion of poly-DDAP. 

2.2 g of aniline hydrochloride prepared according to Example 1 is added to 250 ml of the prepared 
aqueous dispersion of .poly-DDAP at 30 *C. The solution turns dark green after a couple of minutes. The 
reaction mixture is stirred for 15 hours at 30 *C. The amount of the produced polyaniiine based polymer 
composition is about 0.2 percent, based on the weight of the aqueous reaction diluent. The aqueous 
10 dispersion is poured on a glass substrate and the water is allowed to evaporate. .. 
The electrical resistivity of the coating is 7.10 4 ohms. 



Example 17 

75 

200 ml of the aqueous poly-DDAP dispersion prepared according to Example 15 is added to 50 ml of 
an aqueous 2 percent solution of a hydroxypropylmethyl cellulose ether. 1 .75 g of aniline hydrochloride 
prepared according to Example 1 is added and the solution is stirred for 15 hours at 30* C, Then the 
solution is poured on a glass substrate and the water is allowed to evaporate at 40 " C. 
20 The electrical resistivity of the obtained dark green film is 8.1 0 5 ohms. 



Example 18 

25 100 g of a 9.5 weight percent aqueous poiy-DADMAC-soiution (0.06 mole DADMAC, intrinsic viscosity 
2.95 dl/g) is acidified by adding 3 drops of concentrated hydrochloric acid. 90 mg (0.7 mrnole) of aniline 
hydrochloride is dissolved in this solution. A solution of 160 mg of (NhuhSaOa.fOJ mrnole) dissolved in 10 
mi of water is added drop by drop (the molar ratio between the ammonium groups in poly-DADMAC and 
the peroxodisuifate ions or the aniline hydrochloride is 83.7). The solution is stirred overnight and becomes 

30 dark green. The produced polyaniiine based polymer composition is obtained as a microsuspension having 
a particle size of about 5 nm. The particles remain dispersed in the reaction diluent, (i.e. do not settle on 
the bottom of the reactor). A portion of the solution is brought on a 7 x 7 cm glass plate and the water is 
allowed to evaporate. A dark green light-transmissive coating is obtained which can be peeled off in the 
form of a flexible, mechanically stable film having a surface resistivity of 10 s ohms. 

Example 19 

Example 18 is repeated, however 90 mg of aniline hydrochloride and 50 mg of pyrrole are added to 
40 100 g of the 9.5 weight percent poiy-DADMAC solution mentioned in Example 1& A solution of 180 mg of 
(NH4) 2 S 2 08 dissolved In 10 ml of water is added. Upon evaporation of water a light-transmissive blue to 
black film is obtained. 



45 Example 20 

15 g of a 9.5 weight percent aqueous solution of poly-DADMAC (intrinsic viscosity 2.95 dl/g) are diluted 
with 100 mi of water and 50 ml of hydrochloric acid. 19.3 g of aniline hydrochloride (0.15 mole) and 1.4 g of 
pyrrole (0.02 mole) are dissolved in the solution. 36.5 g of (NhU^Os are dissolved in 60 ml of water. The 

so aqueous solution of peroxodisuifate is slowly but continuously added to the reaction mixture drop by drop 
over a period of 6 hours at 5* C. A whit precipitate of poly-DDAP can be observed at the beginning of the 
-procedure. The solution is stirred for 4 hours after addition of the aqueous solution of (NhkfeSzOs. Then the 
product is sucked off, washed with 1 m HCI, little methanol and dried in vacuum at 50* C. The yield is 14.3 
g. The volume resistivity of a 023 cm thick pellet is determined to be 8 ohms (two-point measurement). 

55 The product can be dissolved in N-methyl-pyrrolidone after deprotonation with an aqueous ammonia 
solution. After evaporation of the solvent, mechanically stable films are obtained. 
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Example 21 

15 g of a 9.5 weight percent aqueous solution of poiy-DADMAC (intrinsic viscosity 2.95 dl/g) are diluted 
with . 150 ml of water and 20 g>of concentrated hydrochloric acid. A mixture of 10 g of aniline and 1 g of m- 
anisidine is slowly added and converted into the hydrochloride form. 36,5 g of (NH^feSsOb dissolved in 50 
■ml of water are added to the solution In portions of 10 mi each. In between,. the solution is stirred for half an 
hour. After the last addition, the solution is stirred for 2 hours. The product is sucked off, washed with 1 m 
HCI and little methanol. The product is dried under vacuum at 50 'C. The yield is 13.1 g. The volume 
resistivity of a 0.33 cm thick sample is determined to be 12 ohms (two-point measurement). The powder 
can be dissolved in N-methyl pyrrolidone after deprotonation with an aqueous ammonia solution. A 
mechanically stable film can be cast from the solution. 



Example 22 



20 g of a 9.5 weight percent aqueous solution of poly-DADMAC (intrinsic viscosity 2.95 dl/g) is diluted 
with. 150 ml of water, acidified with 3 drops of concentrated , hydrochloric acid and brought into a reactor. 
13.7 g of pyrrole which has been freshly purified over neutral Al 2 0 3 is added and the solution is stirred. 
Then a solution of 22 g of benzene-1 .3-disulphonic acid sodium salt in 50 ml of water is added. The initial 
20 white precipitate dissolves upon stirring. 45.6 g of (NH^SsOs dissolved in 100 ml water of is slowly but 
corrtinuousiy added drop by drop over a period of 8 hours. The temperature is carefully kept between 5 and 
10* C. The reaction mixture is stirred over night. The black precipitate is filtered by suction and washed with 
water and methanol. The powder is dried at 40° C for 10 hours under vacuum. The yield is 18.5 g. The 
electrical conductivity is determined to be 0.43 5/cm(four-point measurement). 



Example 23 . 

Example 22 is repeated. A small portion of the reaction solution is brought on a 7 x 7 cm glass plate. 
30 The water is allowed to evaporate. A black abrasive resistant coating is obtained having an electrical 
conductivity of 1.1 0" 3 S/cm. . ; \ \ V 

z\ ». — ^- v : 

Example 24 

10 g of a 9.5 weight percent aqueous poiy-DADMAC solution (0.015 mole DADMAC, intrinsic viscosity 
2.95 dl/g) is diluted with 200 ml of water, acidified with 3 drops of concentrated hydrochloric acid and 
brought into a reactor. 50 g (0.4 mole) of aniline hydrochloride are dissolved in 50 ml of water and added to 
the reactor. The molar ratio between the ammonium groups in poly-DADMAC and the aniline hydrochloride 
40 is 0.015:1. 45.6 g (0.2 mole) of (NHO2S2O6 are dissolved in 100 ml of water and added slowly but 
continuously within 8 hours to the solution. The reaction mixture is stirred for 2 hours. The precipitated 
electrically conductive polymer composition is sucked off and washed with 1m aqueous hydrochloric. acid. 
The product is dried under vacuum at 60 "C for 8 hours. The yield is 18.9 g (73 percent related to 
peroxodisulfate and based on the molecular weight of aniline hydrochloride). The electrical conductivity is 
45 determined to be 14 S/cm (four-point measurement). 

S.EM, pictures of the pressed powdery electrically conductive polymer composition show that the 
particles have a size of 800 to 1000 nm and that these particles are bound together in larger aggregates. 



so Example 25 

Example 24 is repeated but a molar ratio between the ammonium groups in poly-DADMAC and aniline 
hydrochloride of 0.1:1 is selected. The electrical conductivity of the precipitated polymer composition which 
has been washed and dried as described in Example 24 is determined to be 28.0 S/cm (four-point 
55 measurement). 



Example 26 
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66.6 g of a 9.5 weight percent aqueous poly-DADMAC solution (0.042 mole DADMAC, having an 
intrinsic viscosity of 2.95 dl/g) is diluted with 150 ml of water and brought into a glass reactor. A solution of 
25.9 g of aniline hydrochloride (0.2 mole) dissolved in 50 ml of water is added. The molar ratio between the 
ammonium groups in poly-DADMAC and aniline hydrochloride is 02:1. 45.6 g of (NFU) 2 S 2 08 (0.2 mole) are 

5 dissolved in 100 mi of water. 10 ml of this solution (0.02 mole peroxodisulfate) is added to the reaction 
mixture at once under vigorous stirring. The white precipitate (poly-DDAP) becomes dark-green within one 
minute. Stirring is continued for one hour. Additional 10 ml of the peroxodisulfate solution are added to the 
reactor. The reaction mixture is stirred for another hour until the next 10 ml portion of NH4S2O8 is added. 
This procedure, is exactly repeated until the peroxodisulfate solution is completely consumed. After the last 

70 peroxodisulfate addition, the solution is stirred for another 2 hours. The total reaction time is about 22 hours. 
The fine precipitate is sucked off. The filtered product is washed with little methanol and dried over 
night under vacuum at 60* C. The yield is 25.9 g (100 mole percent, based on the amount of peroxodisul- 
fate and aniline hydrochloride). The electrical conductivity is determined to be 46.7 S/cm (four-point 
measurement). S.E.M. photographs of the pressed powder show the core/coating structure of the polymer 

15 particles. Particles of about 1000 run size are agglomerated (bridged) to segmented rods which are about 
0.01 mm long. Due to the polymeric coating there, is a good contact between the particles. 
- The powder is deprotonated in an aqueous ammonia solution and dispersed in N-methy! pyrroiidone. 
Upon evaporation of the solvent, a mechanically stable film is obtained which can be treated with 1 m 
hydrochloric acid. 
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Example 27 

66 g of a 9.5 weight percent aqueous poly-DADMAC solution (0.041 mole, intrinsic viscosity of 2.95 
25 dl/g) are diluted with 150 ml of water and brought into a glass reactor. 60 g of a 70 weight percent aqueous 
solution of methane sulphonic acid is added. Then 21 g of aniline is slowly added to the reaction mixture 
upon stirring the solution. 45.6 g of (NRifeSsOg (0.2 mole) are dissolved in 100 ml of water. 10 ml of the 
solution (0.02 mole) are added to the reactor at once. The solution is then stirred for 30 minutes. This 
procedure is repeated until the total amount of the aqueous peroxodisulfate solution 'is consumed. The 
30 reaction mixture is stirred over night The. dark blue-green product is filtered, washed with water and 
methanol, and dried under vacuum at 50 'C for 15 hours. The electrical conductivity is determined to be 
21.4 S/cm (four-point measurement). 

35 Claims 

1. a process for preparing an electrically conductive polymer composition containing an electrically 
conductive polymer a) of one , or more aromatic compounds and a polymer d) having ammonium, 
phosphonium or sulfonium groups in the polymer chain(s), .the polymer composition having an average 

40 particle size of 5 nm to 1 mm, by oxidative polymerization of one or more aromatic compounds in an 
aqueous or organic reaction diluent in the presence of a polymer b) having ammonium, phosphonium or 
sulfonium groups in the polymer chain(s) and containing a polydentate. anionic complex which has a redox 
potential sufficient for enabling oxidative polymerization of said aromatic compound(s) and polymer b) 
having an average particle size of 5 nm to 1 mm which particles are dispersed in the reaction diluent at an 

45 amount of 0.01 to 40 percent, based on the weight of the reaction diluent 

2. The process of Claim 1 for preparing an electrically conductive polymer composition comprising a 
core of an electrically conductive polymer a) of one or more aromatic compounds and a coating of a 
polymer d) having ammonium, phosphonium or sulfonium groups in the polymer chain(s),the weight of the 
coating being up to 25 percent, based on the total weight of a) and d), and the polymer composition having 

50 an av rage particie size of 5 nm to 1 mm, wherein polymer b) is produced in situ in an aqueous reaction 

mixture by continuous or batch-wise addition of a water-soluble oxidizing agent containing a polydentate 

anionic complex having a redox potential sufficient for enabling oxidative polymerization of the aromatic 

compound(s)to an aqueous r action mixture containing 

i) the aromatic compound(s), 
55 ii) a polymer c) having ammonium, phosphonium or sulfonium groups in the polymer chain(s) and 

containing anions which are spontaneously exchangeable with the polydentate anionic complex of the 

water-soluble oxidizing agent and • 

iii) an aqueous reaction dilu nt, 
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the amount of polymer c) being 0.01 to 40 percent based on the weight of the aqueous reaction diluent 

3. The process of Claim 2 wherein the amount of polymer c) is from 0.01 to 5 percent, preferably from 
0.1 to 2.5 percent, based on the weight of the aqueous reaction diluent. 

4. The process of Claim 1 wherein polymer b) is cross-linked via anions of the type S 2 6b 2 ~ Cr 2 C>7 2 ~ 
5 MnO*- or • Fe(CN) 6 ■ 3 " 

5. The process of any on of claims 1 to 4 wherein an electrically conductive polymer composition 
having an average particle size of 10 nm to 0.1 mm is produced. 

6. The process of any one of Claims 1 to 5 wherein the aromatic compound is substituted pyrrole, 
unsubstituted- pyrrole, substituted thiophene and/or unsubstituted thiophene. 

to 7. The process of any one of Claims 1 to 5 wherein the aromatic compound is a substituted or 
unsubstituted aniline that has been protonated prior to its oxidative polymerization. 

8. The process of any one of Claims 1 to 7 wherein polymer d) is a homo- or copolymer of one or more 
monomers of Formula I 

R 
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30 wherein A and B are the same or different and represent a lower alkyl or phenyl radical, either unsubstituted 
or having one or more substituents which are not polymerizable in the presence of a free radical initiator; 
or A and B together represent -CH 2 -CH 2 - ( -CH(CH 3 )-CH(CH 3 )-, -CH = CH-CH * CH-, -CH = CH-CH = N-, or 
-CH=CH-N = CH-;and 

R and R are the same or different and represent an atom or group which is non-polymerizing, and the 
35 polymer contains anionic counter-ions. 

9. An electrically conductive polymer composition comprising an electrically conductive homo-or co- 
polymer a) of substituted or unsubstituted aniline and a polymer d) having ammonium, phosphonium or 
sulfonium groups in the polymer chain(s), the polymer composition having an average particle size of 5 nm 
to 1 mm. 

40 10. An electrically conductive polymer composition comprisingan electrically conductive polymer a) of 
one or more oxidativeiy polymerizable aromatic compounds and a homo- or co-polymer d) of one or more 
monomers of Formula I 

R 




H' 
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wherein A and B are the same or different and represent a lower aikyl or phenyl radical, either unsubstituted 
or having one or more substituents which are not polymerizable in the presence of a free radical initiator; 
or A and B together represent -CH 2 -CH 2 -, -CH(CH 3 )-CH(CH 3 )-, -CH = CH-CH = CH-, -CH = CH-CH = N-, or 
-CH = CH-N = CH-;and 

5 R and R* are the same or different and represent an atom or group which is non-polymerizing, 
and the polymer contains anionic counter-ions, 

the polymer composition having an average particle size of 5 mm to 1 mm. 

11. The electrically conductive , polymer composition ' of Claim. 9 or 10 comprising a core of the 
electrically conductive polymer a) and a coating of the polymer d) wherein the weight of the coating is up to 

to 25 percent, preferably from 2 to 20 percent, most preferably from 5 to 15 percent, based on the total weight 
of a) and d). 

12. A polymer having ammonium, phosphonium or sulfonium groups in the polymer chain(s) which 
polymer is cross-linked via poiydentate, anionic non-metallic complexes which have a redox potential 
sufficient for enabling oxidative polymerization of a substituted pyrrole, , unsubstituted pyrrole, a substituted 

75 thiophene, unsubstituted thiophene, a substituted aniline or unsubstituted aniline and which polymer has an 
average particle size of 5 nm to 1 mm. 

13. The polymer of Claim 12 which is cross-linked via S20s 2 ~- anions. 

14. A use of the electrically conductive polymer composition prepared according to the process of any 
one of claims 1 to 8 for preparing films or coatings or as a filler for a polymer. 

20 15. A use of the electrically conductive polymer composition of any one of Claims 9 to 11 for preparing 
films or coatings or as a filler for a polymer. 
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